INTRODUCTION
Brazil is a country that deserves to be highlighted by the significant biological diversity, including of nutritive plant species (Deus et al., 2012) . One of the biomes that contribute significantly to this diversity is the Cerrado. The Brazilian Cerrado is the second largest biome in the country, covering 2 million km 2 in the states of Goiás, Tocantins, Mato Grosso, Mato Grosso do Sul, the Federal District, and areas of São Paulo, Minas Gerais, Maranhão, Piauí, and Bahia, which is equivalent to approximately 25% of the country (Moraes, 2018) . Guimarães et al. (2004) reported the need for research and development of technologies related to a better use of the species found in Cerrado, since they may be potential sources of economic exploitation. Several native fruits from Cerrado have been gained interest by the scientific community due to their exotic flavor, nutritional value, and relevant content of functional compounds Bailão et al., 2015; Cândido and Silva, 2017; , such as pequi and murici.
Pequi (Caryocar brasiliense Camb.) fruit is the target of the most varied studies, considered a fruit of exotic flavor and aroma that has an edible almond whose composition deserves to be highlighted by its high lipid content (~50% d.b.) (Lima et al., 2007; Sousa et al., 2011; Luzia and Jorge, 2013; . Therefore, pequi almond is a potential source for oil extraction. Also, the outlet of this process is a defatted biomass with high protein content, which may perform a relevant nutritive role if applied in food products, once it is free of solvent residue.
Murici (Byrsonima crassifolia) is a fruit consumed mainly fresh, such as pequi. It has a soft pulp, but it can also be consumed in other ways, such as juices, jellies, sorbets, and liqueurs (Alves and Franco, 2003) . Studies involving this fruit and, especially, its seeds (which are usually discarded as waste) are limited.
One of the main products extracted from seeds is the oil, which have great importance in human food. They help in the absorption of fat-soluble vitamins and antioxidants, they also are sources of fatty acids, some considered essential for the proper functioning of the human body by providing energy (Welte and Gould, 2017) . The oil extraction process can be carried out in different ways, being one of them the solvent extraction. Solvent extraction is taken as a mass transport process from one phase to another, wherein a liquid solvent is responsible for extracting components contained in a solid matrix. When the solvent phase is introduced into the system, it is continuously enriched with the component being extracted, until a steady state is reached, this operation is known as solid-liquid extraction or leaching. The final quality of the obtained oil can be influenced by some factors, such as the co-extraction of the non-lipid components and the undesired oxidation. Therefore, special care is needed with some samples to obtain the lipid fraction, such as the solvent selection, which is an important step to be taken into account in the solid-liquid extraction process, once it influences the yield, the extract composition, and its sensory qualities (Pellerin and Danisco, 2001; .
A range of solvents have been used in order to remove oil from seeds, but hexane is one of the most popular solvent employed in industrial processes. Hexane is a petroleum distillate containing a mixture of hexane isomers with a boiling range of 65 to 71 °C, which may present from 45 to 70% n-hexane. (Gonçalves et al., 2016; Hammond et al., 2005) . It presents several features favorable to the oil extraction process, such as high stability and selectivity, low corrosion, narrow boiling range, low residual oil content, better odor of the defatted meal, and the fact that it is partially immiscible with water (Cheng et al., 2018) . Nevertheless, there are negative points associated to it, such as high toxicity, flammability, and explosiveness, besides being of fossil origin (Wan et al., 1995; Hanmoungjai et al., 2000; Cheng et al., 2018) . Such disadvantages justify the study of alternatives to its use .
Some substitutes for hexane have been studied in the extraction process, including acetone, ethanol, and isopropanol (Toma et al., 2001; Gallegos-Infante et al., 2003; Li et al., 2004; Rout et al., 2007; Proestos and Komaitis, 2008; Cuevas et al., 2009; Zaixiang et al., 2010; Rodríguez-Rojo et al., 2012; Hu et al., 2016) . Polar solvents can infiltrate the cell walls, allowing the extraction of substances that would not be extracted by apolar ones. As a result, these are the most favorable biorenewable solvents in order to extract oil (Baiano and Del Nobile, 2016; Tir et al., 2012) . The same authors mention that ethanol and isopropanol are possible alternative solvents, also in reason to their operational safety. Wakelyn and Wan (2005) reported that ethanol and isopropanol were studied in the 80s as potential substitutes for hexane. According to these authors, the solvents presented technical feasibility in terms of extraction yield, but did not present economic viability in the region where most of the studies were concentrated. In Brazil, the reality is different. There is a high availability of ethanol at low cost, which places the country in a privileged position in the elimination of the use of petroleum derivatives in oilseed processing . In addition, ethanol is a renewable source, which is able to yield high quality oil with low free fatty acids content, and to remove antinutrients, such as gossypol, aflatoxins, and chlorogenic acids (Hron et al., 1982) . It is also reported that extractions carried with ethanol yield greater content of sugar, phospholipids, pigments, waxes, and compounds that confer bitterness to the biomass (Beckel et al., 1948; Johnson and Lusas, 1983; Fonseca and Regitano-d'Arce, 1993) . Isopropanol can also be acknowledged as a potential alternative to hexane . In addition, some authors highlighted this solvent as a better option in relation to ethanol, once the extracted oil is more stable to oxidation . Further, ethanol has higher heat of vaporization than isopropanol, resulting in a higher energy expenditure in the recovery stage of the solvent by evaporation, and in the disolventization of the cake, also, concentrated isopropanol can hold 48% of oil in solution with the alcohol, and a constant boiling azeotrope can hold only 12 to 14% of oil (Lusas et al., 1991) .
Despite their economic relevance and increasing utilization possibilities, there is a lack of available data and information on pequi and murici seeds oil extraction using solvents. In this work, a response surface methodology (RSM) was applied to optimize the ethanolic extraction. This approach permits reducing the number of experiments and assessing, at the same time, the effect of each parameter (cosolvents and temperature), and that of interactions between them on the extraction efficiency (Mané et al., 2007) . The extraction yield of soluble solids from pequi and murici seeds using ethanol and cosolvents (hexane and isopropanol) was estimated, also the retention index (RI), which is represented by kg of adhered solution/kg of insoluble solids.
MATERIALS AND METHODS

Materials
Pequi (Caryocar brasiliense Camb.) and murici (Byrsonima crassifolia) fruits were provided by local cooperatives (Lavras, Minas Gerais, Brazil). Solvents (99%) and other chemicals (analytical grade) were supplied by Sigma-Aldrich (São Paulo, Brazil).
Sample preparation
Fruits were harvested in 2017. They were handpicked and immediately sent, in appropriate containers, to the Vegetable Processing Plant from the Federal University of Lavras (Lavras, MG, Brazil), properly sanitized, and stored at -18ºC until further processing. The fruits were defrosted, manually pulped, and the seeds were dried in a vacuum oven at 45 ºC (48 h) (absolute pressure = 16.8 kPa) (Tecnal, Piracicaba, Brazil) . Dried seeds were ground in a mechanical multipurpose mill (Tecnal, TE-631/3, Piracicaba, Brazil) and sieved. Samples were then stored in desiccators and used for solvent extraction. The seeds characterization is available in the study carried out by . The proximal composition, in dry basis (d.b.), found for pequi and murici, respectively, were 50.0 and 15.0% of lipid, 33.3 and 8.8% of protein, 5.8 and 2.2% of ash, 5.0 and 27.5% of crude fiber, and 5.7 and 46.4% of carbohydrates.
Solid-liquid extraction
The extraction process was executed in an incubator (Marconi, MA830/A, Piracicaba, Brazil) (120 rpm) using solvent mixtures, at constant temperature. A sample of 5 g of dry seeds and 25 g of solvent were placed into the extractor and the process was carried for 16 h, time needed to achieve the equilibrium according with preliminary studies. After 16 h, tubes were centrifuged (Fanem, Excelsa II/B-206, Piracicaba, Brazil) (3000 rpm), kept under a water bath to reach the equilibrium temperature, and the extract phase (EP) of the samples were collected using microsyringes. Samples of the EP and of the raffinate phase (RP) were placed in Petri dishes, weighed, and put in a drying oven (16.8 kPa; Tecnal, TE-395, Piracicaba, Brazil) at 60 °C, until constant weight. Solvent mass in the EP (m 2,EP ) and RP (m 2,RP ) were determined by weight difference. Further, the solvent mass fraction in EP (W 2,EP ), and the solvent mass fraction in RP (W 2,RP ) were calculated (Equations 1 and 2).
Where m 2,EP and m 2,RP are the mass of solvent in the respective phase, and m EP and m RP are the sample masses of EP and RP withdrawn, respectively.
The insoluble solids mass fraction in EP (W 3,EP ) was considered to be zero and the soluble solids mass fraction in EP (W 1,EP ) was calculated according with Equation 3. 
The soluble solids (i=1), solvent (i=2), and insoluble solids (i=3) mass balances are given by Equation 5.
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And W i is defined by Equation 6, where M i is the mass of a given component in the EP or RP (M P ).
The soluble solids transference in the extraction process (Γ 1 ) was determined using Equation 7 (Rodrigues et al., 2010) .
Where, W 1,seed is the mass fraction of soluble solids or lipid in the seeds, which was obtained through Soxhlet extraction .
The retention index (RI), which corresponds to the mass of the solution adhered by mass of insoluble solids in the RP was determined according with equation 8.
Where, M 3,mixture is the mass of insoluble solids in the mixture.
Experimental design and statistical analysis
The impacts of the operating variables (temperature and cosolvent) on pequi and murici seeds soluble solids recovery (Γ 1 ) and retention index (RI) were analyzed by means of experimental design. The proposed extraction process was modeled using CCRD (Central Composite Rotational Design) and RSM, and statistically tested using the analysis of variance (ANOVA) using Statistica 8.0 (StatSoft Inc., 2010).
The coded (x i ) and the real values of each factor are presented in Table 1 . In order to predict the optimal conditions, experimental values were fitted to an empirical second order polynomial regression model (Equation 9).   2  2  0  1  2  3  1  2  2  3  12  1  2  13  1  3  2 3  2   1  2  3   3  12 3   11  2 2 3 3
Where, is the response function (Γ 1 or RI), x i (i =1, 2, 3) is the studied variable, β 0 is the constant term, β i is the linear coefficient, β ii and β ij are the quadratic and interactive terms, respectively. The effect of the mass fraction of hexane (x i ; %w/w), and isopropanol (x 2 ; %w/w) in the solvent ethanol, and of the extraction temperature (x 3 °C) were studied. A complete factorial ( 2 3 ) with two levels (+1 and -1), two axial points, and three central points was applied (Table 1) . In addition to the functions of Γ 1 and RI for murici and pequi seeds, a model for desirability was generated, taking into account high values for Γ 1 and low values for RI.
RESULTS AND DISCUSSION
Extraction recovery yield
Experimental data including the design matrix and responses are shown in Table 1 . Regarding the soluble solids extraction, the mass fraction of hexane in ethanol (x i ), the mass fraction of isopropanol in ethanol (x 2 ), and the temperature (x 3 ) were set as independent variables. The changing parameters of the solvent extraction affected pequi and murici seeds recovery yields. The maximum soluble solids recovery from pequi seeds was 84.45% (run 3) (42.2 g of soluble solids/100 g of dry seeds), however the experiment 12 exhibited very similar recovery (84.19%). Murici seeds also presented maximum yield for experiment 12 (13.33 g of soluble solids/100 g of dry seeds). Both seeds exhibited the minimum soluble solids transfer for experiment 15, where 10% of each cosolvent was applied at 30 °C, which was the lowest temperature employed. The highest recovery was achieved at 45 and 53.92 °C, trend that was expected, once the higher the temperature, the higher is the solubilization of solids in the solvent, allowing a more efficient extraction. In this study, higher values than the soybean oil yield (~ 20%) (Garcia et al., 2007) in the food industry were obtained, showing that the extracts investigated can have great relevance in an industrial scale. The soluble solids recovery from pequi seeds was even greater than the results observed by Garcia et al. (2007) for other cerrado seeds (hexane-extracted), such as amburana (Amburana cearensis (Fr. Allem) A. C. Smith) (21.5% d.b.) and baru (Dypterix alata Vog.) (37.6% d.b.). In a previous study, carried out by Meziane et al. (2009) , soluble solids from olive cake were extracted using ethanol. They evaluated the effect of solid-liquid ratio (SLR), temperature, time, and particle size, and came to a conclusion that the best SLR was 1:5 (w/w) at 40 °C, which are similar parameters to the ones where the higher recovery yields were obtained in this work. In addition, the best particle size was 0.69 mm, and the extraction time was of 20 min, which is much lower than the period applied to carry out this study, and could explain the lower yield value reported by the authors (3.1% d.b.), which could also be due to the low soluble solids content of the matrix (6.5% d.b.). Martins et al. (2013) extracted the oil from pequi pulp and seeds by maceration at room temperature, using hexane as the solvent, and reported yields of 27 g 100 g -1 and 8.1 g 100 g -1 (d.b.), respectively. Amalia Kartika et al. (2013) studied the oil extraction process from jatropha (Jatropha curcas) seeds using hexane in a Soxhlet apparatus (6 h); obtaining an average yield of 39.4% (d.b.), which is lower than the minimum value found in this study for both pequi and murici seeds.
The significance of the model was evaluated through ANOVA as well as the variables and their individual and mutual effects. ANOVA consists of classifying and crossclassifying statistical results and testing whether the means of a specified classification differ significantly . Table 2 shows the ANOVA results for Γ 1 from both seeds, and presents the significance of each variable, the p values and the t values of each factor.
In Equations 10 and 11, Γ Pequi and Γ Murici are responses which represent soluble solids transfer (Γ 1 (%)) from pequi and murici seeds, respectively. 
The variation in responses determined by the quadratic regression model is expressed by the determination coefficient (R 2 ). Experimental results versus predicted results for Γ 1 (%) are shown in Figure 1 .
Predicted results, which correspond to the complete model (including the non-significant parameters), closely matched the experimental ones as the model explains 91 and 84% of the variability among sample, for pequi and murici Γ 1 (%) results, respectively. R 2 > 70% indicates the quality of the model in relation to its predictability of responses and experimental significance. Variation coefficients (CV) were found to be 3.1 and 2.2% for pequi and murici seeds, respectively. Low CVs (< 10%) clearly indicate a high degree of predictability regarding experimental responses and a good deal of reliability regarding the experimental data (Lestander and Samuelsson, 2010) . In the case of a quadratic model, other parameters should be evaluated other than the R 2 and CV in order to study the significancy of the model, such as the F-value (F Regression/Residue and F Lack of fit/Pure error ), which indicates the significance of each controlled factor on each tested model , the residual standard error, the independency and the normality of the residues, and also the analytical discernment of the scientist should be taken into account. Concerning the pequi responses for Γ 1 , the calculated F Regression/Residue (7.58) was higher than the F Tabulated (3.68), however, the F Lack of fit/Pure error (6.15) was higher than the F Tabulated value. Inspite of this last paremeter not being significant, the other ones were, such as the low residual standard error (Table 2) , and the normality and independency of residues (Figure 1) . Thus, the model (Equation 10) is significant and able to describe the Γ 1 from pequi almonds. For murici seeds responses, the F Regression/Residue (4.22) and the F Lack of fit/Pure error (17.04) were also higher than the F Tabulated (3.68), meaning that only the first was significant. However, all of the other parameters complied to the requisites of significance of the model (Equation 11). These analyzes made it possible to validate empirical coded models (Equations 10 and 11) and build the RS presented in Figure 2 .
The variable temperature (x 3 ) (linear and quadratic) presented the lowest p values for both Γ 1 . The significance The authors observed that the temperature rise positively influenced only the yield of low-hydrated solvents, indicating that the moisture content in the solvent suppressed the extraction yield. The temperature can affect the solids solubility in the solvent, because it is directly correlated to the solvent density as well as to the solids vapor pressure (Turner et al., 2004 ).
The addition of isopropanol influenced the Γ 1 from pequi seeds, once the quadratic term coefficient ( 2 2
x ) was negative and significant, indicating that the elevation of isopropanol concentration initially favors the solubilization of soluble solids, reaching a maximum, and posterior addition leads to a reduction of their solubilizing power.
The linear coefficient of the variable (hexane mass fraction in ethanol) for both Γ 1 models exhibited positive and significative effect on the extraction. For pequi seeds the addition of hexane favored the Γ 1 , however, the quadratic term ( 2 1 x ) was only significative for murici, and also positive, indicating that there is a point of minimum related to it, that is, the process should be operated with higher or lower concentration than this point. (Figure 2 ) enables selection of optimal conditions for extraction of the soluble solids from each of the seeds and confirms that maximum extraction is reached in the range of conditions considered.
Examination of the responses surfaces (RS) curves
RS was used to represent the models at the central point of the fixed variable. Figures 2 A-D show the effect of the variables on the response (Γ 1 (%)) for pequi almonds and murici seeds extraction. It is inferable that the rise in temperature and hexane mass fraction influenced the Γ 1 (%) of both materials. For the temperature (x 3 ) there is a range where the yield is maximum, and the hexane (x 1 ) as a cosolvent positively influences the extraction of pequi, and for the murici seed, there is a range where the yield is minimum, thus, this cosolvent must be used out of this range of concentration (Fig 2D) . Figure 2A shows the behavior of the soluble solids yield from the pequi seeds when varying the cosolvents concentrations, where the variable x 3 (temperature) was fixed at the central point (45 °C). The RS demonstrates that the extraction of soluble solids shows a tendency to increase with the addition of hexane. The optimal region for this temperature is between 16 and 20% hexane and between 4 and 10% isopropanol. Figure 2B , where the variable x 2 (isopropanol mass fraction in ethanol) was fixed at the central point (10%) represents an interesting behavior. The optimum yield can be obtained with the highest temperature and hexane fraction in ethanol. However, good yield results could also be obtained when no hexane (x 1 = -1,68) is present in the solvent solution, and temperature above the central point (45 °C) is applied. Figure 2C shows a RS for pequi seeds, where the variable x 1 (hexane mass fraction in ethanol) was fixed at the central point (10%) and shows the behavior of the soluble solids yield with the variation of the isopropanol mass fraction (x 2 ) and temperature (x 3 ) for pequi seeds. The region with the highest yield was in the range of 45 °C to 55 °C with a mass fraction of isopropanol between 8 and 12%.
As isopropanol had only a linear effect for murici, it was chosen to fix this variable in order to understand the influence of temperature and solvent (hexane) when adding the maximum and minimum content of isopropanol. The behavior of the soluble solids yield of murici seeds with isopropanol fixed at the central point (10%) is presented in Figure 2D . The optimal region was characterized in these conditions when hexane mass fraction was higher than 15%, increasing the recovery of soluble solids in high temperatures. As isopropanol had no effect on the yield of soluble solids from murici seeds the only curve generated was when isopropanol mass fraction was fixed.
According to Amarante et al. (2014) , the temperature increase usually influences the extraction of soluble solids due to the increase of the solubility of the oil and the decrease of the viscosity of the solution, facilitating the mass transfer process. Javed et al. (2015) pointed out that further extraction may occur with increasing temperature as it may increase the kinetic energy of the solvent molecules. Although the raise of temperature promotes an increase of the solubility of the solute in the solvent, the final effect of this variable on the yield of the extract will also be influenced by its effect on the retention index (item 3.2).
Retention index (RI)
RI has a decisive impact on the number of stages carried out to complete the extraction and on the desolventization step, and it depends on the viscosity of the extract solution, and mainly on the physicochemical affinity between the solvents, cosolvents and the solid matrix (Bessa et al., 2017) .
The design matrix and real values of the experiments to evaluate the effect of three variables including the mass fraction of hexane (x 1 ), isopropanol (x 2 ), and extraction temperature (x 3 ) on RI are presented in Table 1 .
RI indicates the amount of solution retained in RP, thus, the lower this index is the most efficient is the extraction. The highest RI for pequi almonds extraction process was obtained for run 4 (1.88 kg adhered solution/kg insoluble solids), which did not present the greatest Γ 1 (64.37%), leading to conclude that RI for pequi almonds is independent on the solvent employed. The highest RI for murici seeds was of 1.27 kg adhered solution/kg insoluble solids (run 14), corresponding to a Γ 1 of 68.44%.
By applying multiple regression analysis on experimental data (p < 0.05), the complete quadratic model for predicting RI for pequi is presented in Equation 12. 
Through ANOVA for the response variable RI (Table 3) it was observed that no effect was significative (p < 0.05) for murici seeds.
Meaning that it is not possible to stablish an empirical model for this response, consequently, no response surface could be plotted. On the other hand, the model for RI of pequi almonds was highly significant (p < 0.05) (Equation 12; Table 3 ). The average RI for murici seeds was 0.93, and for pequi almonds it was 1.55, indicating that pequi almonds are less feasible to the solvent recovery process, once the adhered solution in the fibers (insoluble solids) are higher, making it difficult to recover the solvent from RP.
P value of the lack of fit was 0.0929, which implied that the model equation was adequate for predicting RI under any combinations of variables. The R 2 was 0.81, indicating that 81% of the variation found for the response RI could be attributed to the independent variables (Deng et al., 2017) . The low CV (4.89%) suggested a better precision and reliability of the conducted experiments. Figure 1C shows the observed and predicted values of RI for pequi seeds soluble solids extraction. This graph presents a fitting of the experimental data to the model results, and it is possible to observe that data from pequi extraction are close to the predicted values, corroborating the highly significance of the model.
The soluble solids extraction from pequi almonds had temperature (x 3 ) and isopropanol (x 2 ) mass fractions significantly influencing RI (Equation 12 ). The linear effects were not significant for any of the factors; the variables x 2 and x 3 quadratic effects were positive and significative, and, their interaction (p = 0.03 or p < 0.05) was also significant, but negative. The lack of adjustment reached a calculated F of 10.1, which was higher than the tabulated one (F=3.7), and the F calculated for the regression (F=3.33) was lower than the tabulated one, in this way the mathematically obtained model could not be considered of good fit, and should be further evaluated in order to be used to represent the RI behavior in the respective experimental conditions. Another parameter that should be taken into consideration is the residual standard error, which was low for this response (Table 3) . In this particular situation where not all of the parameters fitted in order to elect the model as significant, the judgment of the scientists should be regarded to not present the RS concerned with this variable.
Desirability
The ideal regions for the response variables obtained (Γ 1 and RI) did not present the same optimal regions, nor their significant effects were equivalent to each other. Although a high RI in the RP indicates a trend of lower soluble solids yield in the EP, this condition was not observed in the study. 
A B
A desirability function was generated using the lowest value for RI and the highest value for the response variable yield of the soluble solids extraction, where the attribute 1 was employed to represent the highest Γ 1 and the lowest RI, and the attribute 0 was employed to represent the lowest and the highest RI. Figure 3A shows the RS for pequi almonds, where, when evaluating RI and Γ 1 , simultaneously, the region with the highest desirability was at temperatures between 42 and 48 °C, 15 to 20% of hexane mass fraction in ethanol; and 45 to 50 °C with isopropanol mass fractions between 7 and 13%.
The desirability function for murici seeds is presented by a contour curve fixing the isopropanol mass fraction, considering that there is no significant difference for the yield of soluble solids nor for RI (Fig 3B) . The optimization of the desirability function for murici shows similarity with the curve for Γ 1 , considering that the RI did not show any significant effect. In the region of this study it was noticed that the temperature increasing is desirable to the extraction process, with regions above 45°C and between 16 and 20% of hexane mass fraction.
CONCLUSION
This study allowed the comprehension of the extraction process of soluble solids from pequi and murici residues using ethanol and cosolvents. According to the experimental design and response surface analysis, quadratic polynomial models can be used to predict the transfer of soluble solids from pequi and murici seeds from experiments using ethanol as the solvent, and hexane and isopropanol as cosolvents, carried out at equilibrium conditions. The three independent variables involved in the models were the mass fraction content of each cosolvent (hexane and isopropanol) in ethanol and temperature. Within the range of the operating conditions studied, the optimal region was different for both materials. Concerning pequi almonds, the best region was between 42 and 48 °C, hexane mass fraction over 15%, and isopropanol in the range of 7 to 13%. While for murici seeds, it is desirable to work with higher temperatures (> 45°C), hexane mass fraction in the range of 16 and 20%, being the results independent of isopropanol mass fraction. The extraction process of pequi almonds had the temperature significantly influencing the retention index. The retention index for murici seeds extraction process could not be described by the empirical model. Thus, the extraction process of pequi almond residues using ethanol and cosolvents is more feasible than for murici seeds. Further studies are of relevance in order to understand the chemical composition of the extracts obtained, and their viability to be applied in the food or pharmaceutical industries.
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